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a ivxeiiiou aim Apparatus tor oeauiiurinmg 
based on Broadband Antenna 

Field of the Invention 

The present invention relates generally to a beamforming method based on broadband 
5 antenna, and more particularly, to a beamforming method implemented in time domain or in 
frequency domain based on broadband antenna. 

Background Art of the Invention 

In common mobile communication environment, signals communicated between the base 
station and the mobile terminal are transmitted along several paths between the receiver and the 
10 transmitter. Due to difference in propagation paths, the same signal may arrive at the receiver via 
different paths with different propagation delays and DO As (directional angle of arrival), thus 
multi-path interference and signal fading are caused. 

By taking full advantage of the space property of signals, array antenna techniques can 
reduce multi-path interference and signal deterioration effectively, improve system capacity and 
15 QoS markedly, and thus won wide applications in real life. 

For the array antenna, beamforming is a basic function. That is, the array antenna can 
perform operations like delaying, weighting and combining to the signals received by the 
antenna elements, to form antenna beams whose major lobe aims at the direction of the user 
signals and null at that of the interference signals, so as to suppress the interference. Thereby the 
20 beams formed by the array antenna have significant effect on system performance. 

Fig. 1 is a schematic diagram illustrating a one-dimension linear array antenna comprising 
M elements. As shown in Fig. 1, 0 is the incident signal elevation, dis the space between 
elements (geometrical aperture), and all elements are assumed to have the same space. The 
half-power beam width of the array antenna, 6 05s is approximately: 
50.8 c m 

wherein M is the number of antenna elements, / is the carrier frequency of the signals, and c is 
velocity of light which equals to 3 x 1 0 8 m I s o 

The geometrical aperture d, and the number of antenna elements M, are generally 
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constant, which means the length of the antenna array, M*d, is constant too. 

As it can be seen from equation (1), if the length of the antenna array M # d, is fixed, the 
antenna can form beams with different width when receiving signals with different frequencies. 
The higher the frequency is, the narrower the beam width is. Researches indicate that the beam 
5 width is in inverse ratio to the signal frequency. When broadband signals are received not in the 
direction to which the beam heads, the beam width of the antenna is relatively narrow for HF 
(high frequency) signals, so part of HF signals will fall to the null of the antenna pattern, thus the 
energy of these signals will be lost by the beam output. Accordingly, the output of the antenna is 
distorted. 

10 To deal with the above-mentioned problem of antenna output distortion, the present 

invention provides a beamforming method based on broadband antenna. 

Summary of the Invention 

It is, therefore, an object of the present invention to provide a method for beamforming 
based on broadband antenna. In the proposed method, the effective aperture of the base antenna 

15 array is changed according to the signal frequency, so that the antenna shapes signals with 
different frequency into beams with constant width. On this premise, the weight vector of the 
antenna for different signal frequency is calculated, and then the input signals are weighted by 
the calculated weight vector to equalize the space gain of the antenna for each signal frequency, 
thus to eliminate distortion of the processed broadband signals. 

20 Another object of the present invention is to provide a method and apparatus for 

beamforming with constant beam width, for use in mobile terminals with array antenna. With 
this Rx (receiving) method and apparatus, the antenna elements can effectively reduce the odds 
produced when transmitting and receiving signals, thus dramatically improve the communication 
quality. 

25 To achieve the object of the present invention, a method is proposed for beamforming 

based on broadband antenna, comprising: measuring the frequency of the antenna's input signals; 
determining the effective antenna aperture between the elements of the antenna array according 
to the measured frequency; computing the weight vector of each antenna element to the signals 
according to the determined effective antenna aperture and the transmission function of the 

30 antenna array; multiplying the input signals with said weight vector of each antenna element to 
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the signals, combining them and outputting the beam signals. 

To achieve the object of the present invention, a method for beamforming based on 
broadband antenna is proposed, wherein the step of multiplying the input signals with the 
corresponding weight vectors further includes: performing a series of delaying operations on the 
5 input signals; multiplying each delayed signal with the corresponding weight vector, and 
combining each delayed and weighted signal. 

To achieve the object of the present invention, a method for beamforming based on 
broadband antenna is proposed, further comprising: performing FFT (Fast Fourier Transform) to 
transform input signals into signals in frequency domain before measuring the frequency of input 
10 signals; after combining the signals weighted by each element, performing IFFT (Inverse Fast 
Fourier Transform) to transform the combined signals in frequency domain into signals in time 
domain. 

To achieve the object of the present invention, a beamforming apparatus based on 
broadband antenna is proposed, comprising: an effective antenna aperture computing module, for 

15 measuring the frequency of input signals of the antenna, and then determining the effective 
antenna aperture between elements of the antenna array according to the measured frequency; a 
weight vector computing module, for computing the weight vector of each element to the input 
signals according to the determined effective antenna aperture and the transmission function of 
the antenna array; a beam generating module, for multiplying the input signals with the weight 

20 vector of each said antenna element to the input signals, and then combining them and outputting 
the beam signals. 

To achieve the object of the present invention, a beamforming apparatus based on 
broadband antenna is proposed, wherein the beam generating module further includes: a plurality 
of groups of delayers, each group for performing a series of delaying operations on the input 
25 signals; a plurality of groups of weight vector adjusting modules, each group for multiplying 
each delayed signal with said corresponding weight vector; a beam combining module, for 
combining the weighted signals, and outputting the combined signals. 

To achieve the object of the present invention, a beamforming apparatus based on 
broadband antenna is proposed, further comprising: a time/frequency transforming module, for 
30 performing FFT (Fast Fourier Transform) to the input signals of the antenna, so as to provide the 
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transformed signals in frequency domain to said eitective antenna aperture computing module; a 
frequency/time transforming module, for performing IFFT (Inverse Fast Fourier Transform) to 
the beam signals in frequency domain outputted from said beam generating module, to obtain 
beam signals in time domain. 

5 Brief Description of the Accompanying Drawings 

Fig. 1 is a schematic diagram illustrating an existing discrete linear antenna array; 
Fig. 2 is a schematic diagram illustrating space re-sampling in accordance with the present 
invention; 

Fig. 3 is a block diagram illustrating a beamforming module based on broadband antenna 
10 in accordance with the present invention; 

Fig. 4 is a block diagram illustrating a Tx beamforming apparatus based on broadband 
antenna and implemented in time domain in accordance with the present invention. 

Fig. 5 is a block diagram illustrating a Tx beamforming apparatus based on broadband 
antenna and implemented in frequency domain in accordance with the present invention. 
15 Fig. 6 is a block diagram illustrating an Rx beamforming apparatus based on broadband 

antenna and implemented in time domain in accordance with the present invention. 

Fig. 7 is a block diagram illustrating an Rx beamforming apparatus based on broadband 
antenna and implemented in frequency domain in accordance with the present invention. 

Detailed Description of the Invention 

20 As shown in equation (1), antenna beams with different width can be acquired by changing 

the geometrical aperture d of the antenna; for signals with different frequency f, beams with 
constant width can be acquired by changing the geometrical aperture d to keep the half-power 
beam width 6 0 5 unchanged. 

The beamforming method proposed in the present invention is based on the 

25 above-mentioned principle. The antenna can shape beams with constant width for different 
signal frequency, by changing the effective aperture for different signal frequency. On this 
premise, the weight vector of the antenna array for different signal frequency is calculated, and 
then input signals are weighted with the calculated weight vector so that the space gain of the 
antenna for each signal frequency can be equalized. 
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in the following, a detailed description will be given to the procedure tor beamlorming 
method, by taking the continuous antenna array as an example. 

First, when the frequency of the signals inputted to the antenna element changes from 
original frequency f 0 to frequency f j9 the continuous antenna array should be re-sampled at the 
5 antenna element to ensure that its effective aperture changes from rf = A,, /2 to dC = A y / 2 , 
thus to keep the width of the antenna beam constant with the two frequencies. Fig. 2 is a 
schematic diagram for illustrating space re-sampling, wherein d is the effective aperture of 
element 2 corresponding to original frequency fo 9 and d is the effective aperture of the 
re-sampled element 2 corresponding to frequency f f . 
10 Second, just as a discrete antenna array may be taken as a digital filter, a continuous 

antenna array can be taken as an analog filter. Its transmission function can be represented in 
Equation (2): 

sinOr(x-(/-l)i)/i) 
K(x)=%[ w 0 (i) ^-2- ] ( 2 ) 

**-(/-l)4L) 

where w ° ^ is the weight value corresponding to original frequency fot A j the wave length 
15 corresponding to frequency fj, and x the distance to the first antenna element (reference point): As 
shown in this transmission function, the effect of each antenna element on input signals is 
relevant to weight vector Wo(i) corresponding to the original frequency f 0 , the distance to the 
first antenna array element x, and the wave length of the input signals. 

Third, the weight vector of each antenna element corresponding to frequency // is computed 
20 according to the effective aperture of the new antenna element 2 and the transmission function 
of the continuous antenna array. Calculation of the weight vector is given in Equation (3): 
M s}nM ZL( w -i)_(/_i )]} 
w y («)«7-B w o(0 P- 1 m = \,2,..M,i*m (3) 

Jo 

Last, the input signals are multiplied with the weight vector computed as above and 
combined and outputted through a combiner to generate beams with constant width. 
25 Fig. 3 is a block diagram illustrating a beamforming apparatus based on broadband 
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antenna, comprising: an effective antenna aperture computing module 1U, tor measuring the 
frequency of input signals X(t) of the antenna and then determining the effective antenna 
aperture between the elements according to the measured frequency; a weight vector computing 
module 20, for computing the weight vector of each antenna element to the signals according to 
5 the determined effective antenna aperture and transmission function of the antenna array; a beam 
generating module 30, for multiplying the input signals X(t) with the weight vector of each said 
antenna element, combining them and outputting the beam signals Y(t). 

The effective antenna aperture computing module 10, weight vector computing module 20 
and beam generating module 30 as described above, can be implemented in either computer 
10 software or hardware. 

In the following, descriptions will be given respectively to how the above beamforming 
method and apparatus is applied in time domain and frequency domain based on broadband 
antenna, by exemplifying the receipt and transmission of signals. 

Fig. 4 illustrates the Tx beamforming apparatus based on broadband antenna implemented 
15 in time domain, comprising: an effective antenna aperture computing module 10; a weight vector 
computing module 20; a beam generating module 30. 

As shown in Fig. 4, first the effective antenna aperture computing module 10 measures the 
frequency of each signal to be transmitted in time domain, and determines the effective antenna 
aperture between the elements of the antenna array as d = Xjl2 according to the measured 
20 frequency; then the weight vector computing module 20 computes the weight vector of each 
antenna element to the signals according to the determined effective antenna aperture; last, the 
beam generating module 30 multiplies each signal in time domain with the computed weight 
vector, combines them and outputs the multi-beam signals with constant width, (Yi . . . Y m . . . Ym). 
Fig. 5 depicts a Tx beamforming apparatus based on broadband antenna and implemented 
25 in frequency domain, comprising: effective antenna aperture computing module 10, weight 
vector computing module 20, beam generating module 30, FFT module 40 and IFFT module 50. 

As shown in Fig. 5, the FFT module 40 first transforms each signal in time domain to be 
transmitted into signal in frequency domain. Then, the effective antenna aperture computing 
module 10 measures the frequency of each transformed signal in frequency domain and 
30 determines the effective antenna aperture between the elements of the antenna array as 
according to the measured frequency. Hie weight vector computing module 20 
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computes weight vector ot each antenna element according to the determined effective antenna 
aperture. Afterwards, the beam generating module 30 multiplies each signal in frequency domain 
with the computed weight vector, to output the multi-channel beam signals with constant width 
in frequency domain. Last, IFFT module 50 transforms each channel of beam signal into signal 

5 in time domain (Y\ . . . Y ra . . . Y M ). 

Fig. 6 illustrates an Rx beamforming apparatus based on broadband antenna implemented 
in time domain, comprising: effective antenna aperture computing module 10, weight vector 
computing module 20 and beam generating module 30 composed of a plurality of groups of 
delayers 60, a plurality of groups of weight adjusting modules 70 and a beam combining module 

10 80. 

As shown in Fig, 6, the effective antenna aperture computing module 10 measures the 
frequency of signal (Xi...X m ...X M ) in lime domain received by each antenna element, and 
determines the effective antenna aperture between the elements of the antenna array as 
c/=Ay./2 according to the measured frequency; then the weight vector computing module 20 
15 computes the weight vector of each antenna element according to the determined effective 
antenna aperture; the plurality of groups of delayers 60 perform a series of delaying operations 
on each received signal in time domain; the plurality of groups of weight adjusting modules 70 
weight each delayed signal in time domain with the corresponding weight vector computed by 
weight vector computing module 70; last, the beam combining module 80 combines each 
20 weighted signals in time domain and outputs the combined beam signals with constant width. 
Detailed description will be given below to how this apparatus works: 
1. Computation of the effective antenna aperture and the weight vector 
First, the effective antenna aperture computing module 10 measures the frequency of input 
baseband signals, and determines the effective antenna aperture between the elements of the 
25 antenna array as d=Xjl2 according to the measured frequency. Then, the weight vector 
computing module 20 computes the weight vector according to the determined effective antenna 
aperture. Specifically as: 

(1) If the broadband signal is known waveform, its spectrum range is also known, then its 
pulse response in an element of the base array is /*'(«) ; if the broadband signal is unknown, its 
30 pulse response in an element of the base array, h\n), is to be determined by estimating its 
spectrum range with FFT and time/frequency analysis. 



WO 2004/088794 



PCT/IB2004/050263 



8 

(2) When the odds caused by the elements' receiving broadband signal are eliminated, the 
weight coefficient ( or denoted as h m («) ) should satisfy equation (4 ) (without considering 
the channel effect) : 

• X0 = *(0 = *(0®A' (n)<8>h a (n) (4) 
5 where ® denotes convolution in time domain. 

(3) Compute the weight coefficient with equation (4 ) to obtain h. n = h mn (m = 1,..., M) , 
where A.„ denotes the weight coefficient of one element in time domain and is relevant to the 
effective antenna aperture. 

(4) Determine the weight coefficients h mm to acquire the scheduled beam shape through 
10 weighting like Chebyshevor Butterworth, wherein h m . denotes the weight coefficients of all 

elements at the same time. 

(5) Determine the weight coefficient h mt with A m .and A. w : 

(6) Supply each generated weight coefficient h m to each group of weight adjusting 
15 modules 70. 

2. Weighting 

As shown in Fig. 6, the input signals are delayed x m = (m - 1) • d I c • sin(a 0 ) , wherein x m 
is the delay relative to the reference point, for forming beams with typical viewing angle as cc 0 
and T s is a delaying unit. Each signal that has been performed a series of delaying operations, 
20 is multiplied with each weight coefficient supplied by the weight vector computing module 20 to 
get two-dimension time-space processed multi-beam signals. 

3. Combining 

Each channel of weighted signal is combined in the beam combining module 80, to get the 
single-channel digital signal with constant beam width. 
25 Fig. 7 charts an Rx beamforming apparatus based on broadband antenna implemented in 

frequency domain, where x m (t ) is the /nth channel of input signal in time domain, XskfO the 
output of the Ath beam with directional angle a k in frequency domain, XBkft) the eventual output 
in time domain, K the number of the formed beams, and Bmk(fj) the transform matrix. It can be 
represented in Equation (6): 

30 Bif^WjQVfWj)^ (6) 
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where Wj=\yvji t Wj2~.Wjk.~wjK\ and w^is the weight vector ot the fcth beam, Through computing 
with Equation (3), Wjk can be expressed as in Equation (7): 

diag[l e-WjWc)*****) e 'J^j{dic)Ma k Xm-\) ^-y2^ y (rf/c)sin(a A X^-l)-| Xl|; ^ ^ 

= diag(d(f J9 a k ))xw J0 

As shown in Fig. 7, first, the input signal in time domain x m (t) is FFT transformed into 
5 signal in frequency domain. Second, the effective antenna aperture computing module 10 
measures the frequency of the signal in frequency domain and determines the effective antenna 
aperture between the elements of the antenna array as d=A,j/2 according to the measured 
frequency. Third, the weight vector computing module 20 computes the weight vector of each 
antenna element to the signal according to the determined effective antenna aperture and 
10 transmission function of the antenna array, and provides the computed weight coefficients to the 
transform matrix of each channel. Fourth, each channel of signal in frequency domain is 
weighted with the transform matrix of the corresponding channel, and combined by a plurality of 
signal combiners to generate multi-beam signals in frequency domain. Last, the beam signals in 
frequency domain are transformed into beam signals in time domain through IFFT. 

15 Beneficial Results of the Invention 

As described above, when the frequency of the signals inputted to the antenna element 
changes from original frequency fo to frequency f j9 the antenna array should be re-sampled at the 
antenna element to ensure that its effective aperture changes from d = 12 to rf' = Xj 12 , 
thus to keep the width of the antenna beam constant with the two frequencies. The weight vector 

20 corresponding to frequency fi can be computed according to the effective antenna aperture of the 
new antenna array and the transmission function of the continuous antenna array. Output of 
beams with constant width can be obtained by multiplying the input signals with the weight 
vector, thus the distortion of the processed broadband signals is eliminated. 

Moreover, when the above method and apparatus for beamforming with constant width are 

25 applied in mobile terminals with array antennas, through respectively weighting the input signals 
which have been performed on a series of delaying operations and combining the two-dimension 
time-space processed signals to obtain single-channel digital signals, the warp produced by the 
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antenna array elements when transmitting and receiving signals, can be effectively reduced, thus 
to improve the communication quality dramatically. 

It's to be understood by those skilled in the art that the beamforming method and apparatus 
as proposed in the present invention is applicable to broadband wireless transceiving systems, 
5 base stations and mobile terminals of next generation (3G and 4G) communication system, 
chipsets and components for use in array antennas and broadband antennas. 

Furthermore, it's to be understood by those skilled in the art that the beamforming method 
and apparatus as proposed in the present invention can be modified considerably without 
departing from the spirit and scope of the invention as defined by the appended claims. 
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